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INTRODUCTION 
When a student begins t he study of orga.1110 chemistry, he 
has his first significant contact with the writing of struc-
tura l formulas. In order to i mpre s s upon the student the 
significance and usefulne .ss of writing structural formulas 
for chemical compound s , the instructor may often find 1t 
necessary and profitable to perform an experiment ill us trat-
i ng t he s pecific arrangement of the a toms in a particular 
molecule· For instance, does the ethanol molecule ; c2H6o , 
possess t he structure 
H H 
I I 
H- C-- C- OH 
I I 
( I ) 
H H 
or t he structure 
H H 
I I 
H- C- O- C- H ( lI} 
I I 
H H 
The va.lences of ca rbon , oxygen , and hydrogen a re 4 , 2 , 
and 1 , respectively. On the ba.sis of valence requirements 
only , it is evident that both structures could represent 
ethanol . Thus , some di.reot method is necessary t o prove the 
presence of a hydroxyl group in the ethanol molecule. If 
this can be accomplished, structure II can be eliminated, 
since a ll of 1 ts hydrogen a t oms are attached similarly to 
carbon atoms. 
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Several methods could be devis ed which remove this unique 
hydrogen atom, but a method is desired which involves ma te-
r ials and equipment which a.re readily available , which is 
direct, and which is not too time consuming . One such method 
is the simple displacement of the hydrogen a tom by a.n active 
metal such as sodium or potassium . King a nd Beel at tempted to 
solve t he problem using me·ta.llic sodium. Sodium and an a scer-
t ained amount of' ethanol were placed together in a. flask and 
t he hydrogen gas generated was collect ed and me a sured. The 
reaction, they conceived, should ha.ve been a.s fo llows : 
( 1) 
Thus, reacting t wo moles of ethanol with exce ss sodium, one 
mole of hydrogen should be obtained . They found t hat this 
reaction was not va lid experimentally. They finally suc-
ceeded in proving the unique position of the one hydrogen 
atom by using a Gri gnard re agent, methylme.gnesium iod ide, a s 
follows: 1 
Mg + CH3I 
CH3Iv.1gI + C2H50 H 
ether CH3MgI 
CH4 + C2H50MgI 
( 2) 
( 3 ) 
Using one mole of c2H50 H and excess met hylmagne s ium iodide , 
one mole of me thane i s expected . Th i s they found to hold 
true. 
l w. B. Ki ng and J . A. Beel , ~ · Chem . ~due ., ~ 2 , 146 
(1955) . 
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The big obj ection of using t h i s method ls the prepara-
tion of t he Grignard re agen t. King and Beel swept out a 500 
ml · three- nec k fl ask with dry nitrogen gas . The f l ask was 
equi pped wi th a stirrer , r efl ux cond enser , and dro pping fun-
nel . Si xty milliliters of di- n- buty l eth e r were placed in 
t he rlask wi th 9 . 0 gr ams ot m;:ignesium turnings . The s tirr er 
was start ed and a solution was added dro pwi s e contai ning 47 . 3 
grams of' methyl iodi de d1ssol ved in 40 ml . of dry d i-n- bu t y l 
ether . 'l':he stirring was continued for one hour af t er the 
additi on of t he so l ution was completed. The reaction mi xture 
wes decanted from the unused magnesium. This mi x ture was 
diluted with 200 ml . of di - n- butyl ether . This complet ed the 
preparation of the Grign ard r·eagent whic h was pproxime t ely 
one ol a r . 'i'hey fo und th a t th e r eagent could be kept for 
f uture experiments if kept cool ar d tightly sto ppe red. 
Due to t he necessity of synthesizing a Grign rd reagent, 
1 t is eviden t tha t r eaction ( 1) would be more desirable pro-
vided the reaction could be made quantitative . Potassium, 
beca use of 1 ts extreme reac t 1vi ty, is undesirable. Thus t h e 
problem i nvolv es finding a way of carrying out the sod1um-
ethanol r eaction to acqui re a good quant1 tat1ve yield of 
hy dro gen . It i s t h is problem which the au thor has under taken . 
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DISCUSSION AND PREPARATION TECHNIQUES 
In order to become ac quainted w1 th the problem , a series 
of trials were made , reacting pure sodium wi th absolute 
ethanol , in order to determine the .best possible yield of 
hydrogen employing this metho d . Using crude means for deter-
mining the weight of the e thanol sample, 1 t was found tha t the 
hydro gen yields were consistently in t he vicinity of 33%. 
These data led to the hypothesis tha t each molecule of sodium 
ethoxide enveloped t wo molecules of ethanol ,. the salv a tion 
t aking the form of C2H50Na · 2 C2H50H. Sodium ethox1de was 
found listed in the 11tera ture2 as shown above. This verified 
the prediction made from the d a ta obtained i n the preliminary 
tri als. 
The experimental technique used in these determinations 
was essentially the s ame a s that used by King and Beel, with 
t he exception of the method employed for weighing the ethanol 
sample. Sodium was pla.ced in a reaction fl t.1sk and the ethanol 
was introduced by a bure t inserted into one of the holes of 
the fl a s k stopper. The weight of t he ethanol used was ~nen 
calcula ted using the density of ethanol (0.7893 gm./ml.). 
Since the formula for sodium ethoxi de was found, it was 
obvio us that the desired result s could have been obta ined 
2chaules D. Hod gman, ed. Handbook of Chemistry and 
Physics. Chemical Rubber Publishing Co. Cleveland, Ohio . 
1958. P · 710. 
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making use of this fact . That is , one- sixth of a rrole of 
hydrogen could now be expected f rom one mole of e thanol , 
whereas one-·half mole was formerly expected . Howev er a more 
prec ise me t hod was de sired . It was decided to carry out the 
re a.c tion in an inert medium us ing dispersed .sodium . 
Preparation of Dispersed Sod1um3 
The ine r t med ium select ed WEl s xylene, al t hough other 
i nert hydrocarbons could h ave been used . Toluene wonld be 
suita ble al t hough its bolling point (110°c) is 34 c0 lower 
t han the_t of xylene . The important property of the medi um, 
besides its unreactivity toward sodium and ethanol, 1s t he 
boiling point . This must be a bove 9? . o°C 1 t he melting point 
of sodium , since the sodi um ie to be melted in the p rocess. 
About 100 m111111ters of xy l ene were placed in a 250 ml . 
Erlenmeyer fl esk . A pl eee of sod ium weighing abo ut 8 gr ams 
was plaoed 1n the xylene . Th e fl ask was partially immersed 
in an oil bath and hea t ed until the sodium melted and the 
xylene began to boil . (Proper ventilation should be secured 
during this process .) The flask was removed from the o il bath 
arld tightly stoppered . A heavy cloth was wrapped around the 
f lask . The flask was shaken vigorously unti l the sod ium 
3Henry Gilman , ed . Organic Syntheses. 
J ohn Wiley and Sons, Inc . New York . 1941 . 
Coll . Vol. I . 
PP · 252- 250 . 
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Figure 1. Apparatus for preparing dispersed sodium 
7 
0 IL 8 AT H ____ _____....,.,, 
XYLENE-------4~~ 
SODIU M-------he'~ 
8 
solidified into very small particles . The stopper was removed 
and the flask and contents were cooled by running under cold 
water. After cooling, the sodium was ready for the rea.otion. 
Due to the boiling of the xylene and the presence of sodium, 
all water was assumed removed from the xylene. It wa.s found 
convenient to carry out the reaction in the same fl a sk in 
which the dispersed sodium was prepared . 
Method of Weighing Ethanol Sample 
As stated before, the first method employ ed in determin-
ing the weight of the ethanol sample was the calcu1at1on of 
the rnight :t'rom the known volume and the dens1 ty of ethanol. 
This method proved unsa tisfactory for two re asons. First, 
the volumetric measurement was not accura te enough since a 
buret was used. Second , the ethanol had a tendency to drip 
from the buret tip af t er the stopcock had been closed. 
The second me t.hod tried was the direct addition of the 
e t hanol to the sodium~xylene dispersion using a p1pet. This 
eli 1nated t he bure·t dripping. However • aons1s tentl y good 
results were not obtainable . Unles s a l arge sample of ethanol 
was us ed (over 6 ml.), an appreciable error was still en-
countered. Th1s was due to t he fact that a one drop error in 
ethanol measurement could account for a s much as 5% of the 
total hydrogen yield . 'l'hus, aft er several trials this method 
of llieaaure ent was rejected. 
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In order to minimiz.e the errors introduced by direct 
volumetric addi tion, 1 t was decided tha t the ethanol should 
be weighed dire ct ly in some mar:.ner. Therefore the th1 rd 
method consisted of using a piece of glass tubing drawn out 
to a fine opening a t one end. The opening was made fine 
enough to pe rmit slow dropping of the ethanol ,. a.pproximately 
two drops per second , due to gravity only. Ethanol was drawn 
into the tubing wh1oh had been placed in a vertical position 
and supported by a ringstand (see Figure 2). Three hundred 
drops were allowed to collect in a we i ghi ng bottle . The 
bottle was weighed on an analy tical ba.lanoe and the we ight per 
drop of ethanol was calculated. Thi s procedure was followed 
about five times , using different numbers of drops eaoh time . 
Table l gives e. sampling of t he d ta taken , show1n the devi-
ation from the ruean value , 0 . 00~4907 gm. 1 for successive 
tri als . 
Table 1. Sample data t aken for t he determination of the 
average we i gh t per drop of ethanol 
Number of 
drops 
300 
.c.00 
200 
100 
50 
'rot al wei ght 
(gm.} 
0.7528 
0.4981 
0.5070 
o. 2495 
Q.1241 
Weight Deviation 
per dro p per drop 
(gm.) (gm.) 
0 . 0025093 +0.0000090 
0 . 0024905 -0.0000002 
0.0025365 +0.0000462 
o. 002495 +0.0000047 
o. 002420 -0.0000703 
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Figure 2 . Apparatus for direot weighing of alcohol 
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Once t h e weight per drop was determined accura t e ly;, any 
number of d r ops could b e 1ntroduaed directly into the reaction 
fl a s k c ont aining t h e sod:tu.m and xylene• 'l'he weight of e thano 1 
could be qui c kly c a lcula ted t'rom the number of dro ps a nd. the 
ave rag e wei ght. 
Al though this method minimized t h e error c a used · by 
us i ng a pl pet , a smaller error was s t111 encounte red 1n m.i s-
co unting the numbe:r of drop s . Another source of error was 
d i s cov er ed in the av er age wei gh t per drop. It was noticed 
t h a t t ni s v alue v ari ed s 1gn1 f 1can tly from day to day . This 
neces sita ted a preliminary determinat io n of t his va lue each 
day during which trials were to be ma.de. 
Although good r esults were obtai ned employing this 
me thod , due to t he time involved it was rejected in f avor of 
a f ourth method . Th is fi na l method oon s1 s ted simply of 
weighing a quantity of ethanol and diluting it with xylene 
t o 100 millill ters in a volumetric f las k . 'l'en or 20 mi l li-
lite r all quo ts were wi thd t'awn with a. p i pet and 1n troduoed 
d :ropwi s e lnto the react i on f las k . In t he f ina l analy s i s , 
t h is method prov ed t o be as accurate as the t hird method , and 
les s time consuming. 
Method of Gas Oollect1on and Measurement 
It wa s also neoess a.r y to obtain a method by which to eol-
1eot and measure t he hydrogen genera ted . The fir s t method 
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attempted consisted merely of inverting a 500 ml . gradueted 
cylinder filled wi t h water and placing it into a d1sh also 
contai ni ng water . The gas was e.llowed to pass through the 
del i very tube from the reaction flask t o t he ir..verted cylin-
der . Thi s method proved s at isfactory for approxima tions but 
a more accurate means was sought. 
The second method employed is explained by use of the 
d1 ~gra.m on page 15 . It ls naturally important tha t this 
entire apparatus be tight enough to prevent gas leakage . 
The apparatus needed are : I'ingstand , r1ngs tand clamps . 
magnetic stirr1ng mo tor 1 magnetic stirri ng bar , 250 ml . 
Erlenmeyer flask with a one-hole stopper , hose clamp , glass 
tubi ng , rubber tubing, 600 ml . Erlenmeyer flask with e. two-
hole stopper , 600 ml . beaker , volumetric flask , buret , and a 
thermometer . 
The water flask was nearly fi lled with water. The siphon 
tube ~ as olosed wi t h the hose clamp in the posi tion shown . 
The xylene- ethanol mixture was introduced into the reactio n 
fl ask , already containi ng xylene and sodium . The stopper 
was inserted 1.n to the reaction flask and the hose clamp waa 
removed . A small a.mo unt of water, equal t o the volume of air 
displaced by t he stopper , filled t he siphon tube. A slight 
amount of wa.ter dripped from the end of t he siphon tube . The 
beaker was placed under the siphon tube and the stirring motor 
was start ed . Gas evolution started immediately . When the 
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Figure 3. App a.r at us for colleo ting and mea suring hydrogen 
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reaction appeared complete 1 the siphon tu.be was removed from 
the ws.te1• in the beaker to che ck for further dripp ing . When 
1 t was certai.n that generation had ceased , as indic ated by 
the lack of additional dripping , the vessel having the lower 
water level was raised until the two levels coincided . This 
afforded a means of determining the gas pressure since this 
pressure wil l equal the atmospheric pressure a t this po int . 
The hose clamp was applied and the siphon tube removed from 
the beaker . The water temperature and the room temperature 
were recorded for use 1n later oaloulations . 
The water was then transferred to a volumetric fl ask . 
Usi .g the buret, the volumetr•1c flask was filled with water 
to the gr aduated line. The graduated volume of t he fla sk. 
minus t he amount of water added with the buret wae the vo lume 
of wate r di splaoed . This volume represented the volume of 
gas generated under the existing condi tions of temperature 
and pressure . It was necessary tha t t h i s volume be corrected 
to standard conditions . This will be shown l a ter in the 
Experimental Data and Calculations section . 
The reaction time is approximately 4 6 minutes al though 
it may be considerably l onger or shorter . Sinc e successive 
trials were ma.de with the same xylene- sodium mixture , a con-
siderable runount of sodium ethoxlde accumul ated as a yellow-
ish lay er over the sodium. Th.is l ayer helped shield the new 
solution of ethanol from the sodium during the addition of 
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the former in each su.ccessi ve trial. However the accumulated 
sodium ethox1de also tended to lengthen the overall reaction 
time . Thus , both used and fresh dispersions of sodium have 
an advantage and a disadvantage . Wi t h a fresh dispersion 
there is danger of losing generated hydrogen before the 
ethanol- xylene addition has been completed 1 but t he overall 
react io n tlrue is short . On the other hand , the sodium 
ethox1de layer of a used solution shields t he sodium but 
lengthens the reaction time after the stirring starts . 
Occasionally a solution was to be discarded which still 
contained flakes of' sodium . It was found corvenient to keep 
these solutions in a large beaker under plenty of xylene . 
'rhe xylerie accumulated duri1.g the trials was usually suffi-
cient althpugh sometimes the supply had to be replenished. 
When a considerable amount of discarded sodium had been col-
lected , the sodium wan disposed of by reaction with very 
snia.11 por· t ions of water . This we. ter was added dropwise to 
the solution at regular intervals of a.bout 15 minutes . 
Direc oomb1nat1on of sodium and water is dangerous and 
should not be attellipted. 
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EXPERIMENTAL DATA AND CALCULJ..'l1 IONS 
The da t a. t aken during the tri als were reported in the 
manner shown in Table 2 below. These data listed below are 
t he actual values obtained for one of t he trials . 
Table 2 . Sample exper1menta.l da ta t l:.iken for each of the 
tri als 
Item 
Weight of' ethanol per 100 ml . of solution 
Vo lullie of solution used 
Weight of e t hanol in aliquot 
Mol~ cular weight of ethanol 
Volume of water displaced 
Te~per&ture of water 
Telliperature of room 
Vapor pressure of water a t 2s0 c. 
Baro~etric pressure 
Value 
16. 32·1 gm . 
1.6324 gm . 
46 . 07 
469 . 5 ml . 
0 28 . 0 c . 
28 . ,3 mm . Hg 
29 .05 in. 
'rhe calcula tions involved ln determin ing th e peroenta.g e 
yield of hydrogen for this tri al ere as follows : 
29 .05/29.9 2 = X/760 mm . ( conversion fro m inches to 
n:illimete rs) 
X = 738 mrr:. . Hg ( a tn.oepher.ic pressure ) 
738 ~a . - 28 . 3 mm . (v spo r pressure of water) 
= 709.? mIL . (co r :r ec t ed p res au re of the ga.s) 
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The weight of the ethanol sample divided by t he molecular 
weight of ethanol gives the fraction of a. mole of ethanol 
used. If one mole of ethanol wan used, one.half mole , or 
22 .4 L./2, of hydrogen would be obtained . Thus the p roduct 
of the mole fraction and 11 . 2 L . gives the volume of hydrogen 
expected a t standard tem~ rature and pressure. In terms of 
the data. on the prec edi ng page : 
(l.6324 gm ./46 . 07) (11 . 2 L.) = 396.5 ml. 
Froni the data on the preceding page . it is found t hat 469 . 5 
ml. of gas were obtained . This volume i s corrected to atmos-
pheric condi tio ns using the gas law: 
or 
To find the percenteee yield of hyarogen : 
(397.5/396 . 5) (100) = 100 . 2% ( percentage yield} 
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EXPERIMENTAL RESULTS 
Below are listed some of the results obt ained along with 
the deviation of the percente.ge yield from 100%. 
Table 3 . Percentage yi elds obt ained by experiment 
Volwue 
expected 
(ml . ) 
114 -1 
114 . l 
114 . 1 
114 -1 
114 · 1 
114 -1 
145 . Q 
145 . 0 
£:90 . 0 
396 . 5 
396 . 5 
396 . 5 
,396. 5 
396. 5 
396 . 5 
Volume 
obtained 
(ml . ) 
114 . 3 
113 -0 
110 . 5 
108 . 9 
113 . ?5 
109 . 6 
141 °8 
142 .9 
:-:;92 .0 
394 . 5 
399 . 0 
389 . 0 
385 . 0 
381 -0 
,397 . 5 
388 . 0 
Percentage 
yield 
( %) 
100. 2 
98 . 8 
96 . 8 
95 . 4 
99 . 6 
96 . Q 
97 , 7 
98 . 2 
100 . 6 
99 . 5 
100 . 6 
98 . 2 
97 . 1 
96 °1 
100 . 2 
97 . 9 
Deviation 
(.%) 
+0 -2 
- 1 . 2 
- 3 . 2 
- 4 . 6 
... o . 4 
- 4 . 0 
- 1 -8 
+0 . 6 
- 0 . 5 
+0 . 6 
+0 . 2 
- 2 . 1 
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SUMMARY 
Procedure 
(1) Dispersed sodium was prepa red in xylene. 
(2) A solution of known concentretian of xylene and absolute 
ethanol wa. s prepared . 'I'he total volume was 100 milli-
liters. 
( .3) Ali quots of the xylene-ethanol solution were introduced 
dropwl s e into the reaction flask . 
( 4) ·rhe hydrogen was collected by displacement of water . 1rhe 
pressure was d e termined by leveling t he two water sur-
' f aces. 
( 5) The volume of wate r displaced represent ed the volume of 
gas generated. Corrections were made for the vapor p res-
sure of water, temperature of the gas, and pressu r e of' 
t he gas . 
Signific ance of E: xperiment 
Ethanol and sodium re act to libera te hydrogen ga s . Of 
the six hydrog en e toms in each e thano l molecule , only one o f 
th ese leav es t he molecule a.nd 1s rep laced by sodium. This 
fact i ndica t es the presence of a hydroxyl gro up in the ethanol 
molecule 1n order to account for only one weakly bound hydro-
gen a to m. This arrangement also sati sfies the valence re-
quirements of c arbon, oxygen , and hydrogen. Thus, the correct 
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structure for ethanol 1s structure I (page l} . 
The method developed 1n this thes1 s for proving the 
existence of a hydroxyl gro up eliminates the preparation of 
t h e Grignard r eagent , me thylma.gnesium 1od1de , which is neces-
s ar y in t he proof worked out by w. G. King and J . A. Beel . 
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